In total, ~2Gb of filtered reads were mapped on the Verticillium genomes using TopHat stop codons were removed from the analysis. Sub-genomes were divided based on the differences in sequence identities between species nucleotide identity was determined for every cluster and used for sub-genome segregation. The parental origin determination based on sequence identities of the exonic regions of 1 4 6 genes, which was performed by BLAST (v2.6.0+). Here, hits with a minimum subject and Gene conversion and genomic rearrangements 1 5 5
Double copy genes were retrieved by nucleotide BLAST (v2.6.0+) and the sequence identity determined. Here, hits with a minimum subject and query coverage of 80% were used. Nucleotide BLAST (v2.6.0+) was also used to find the corresponding homologous genes in V.
1 5 8 longisporum strains VLB2 and VL20, which were present in two copies in both strains. The VLB2 genome assembly was aligned to VL20 to find breaks in synteny using The phylogenetic tree of the nuclear DNA was based on the nucleotide sequences of the The genomes of two V. longisporum strains were analysed to investigate the impact of 1 9 0 hybridization on the genome structure. Previously, V. longisporum strains VLB2 and VL20, 1 9 1 belonging to 'A1/D1 West' and 'A1/D1 East', were sequenced with the PacBio RSII platform These genome sizes exceed double the amount of the telomere-to-telomere sequenced V. double the repeat content as in V. dahliae strain JR2, for which 6.49% of the genome was 2 0 1 annotated as repeat using the same methodology. The V. longisporum genomes were also 2 0 2 screened for telomere-specific repeats (TAACCC/GGGTTA) to estimate the number of 2 0 3 chromosomes. In total, 29 and 30 telomeric regions were found in the VLB2 and VL20 2 0 4 genomes, respectively, that were consistently situated at the end of contigs, suggesting that V. contigs in strains VLB2 and VL20, respectively, were flanked on both ends by telomeric 2 0 7
repeats and therefore likely represent complete chromosomes (Table 1) . For comparison, V. In allopolyploid organisms, parental origin determination is elementary to investigate 2 1 0 genome evolution in the hybridization aftermath. As species D1 is phylogenetically closer 2 1 1 related, and consequently has a higher sequence identity, to V. dahliae than species A1, V. genomic regions more precisely. The difference in phylogenetic distance of species A1 and 2 1 5 D1 to V. dahliae caused that V. longisporum genome alignments to V. dahliae displayed a 2 1 6 bimodal distribution with one peak at 93.1% and another peak at 98.4% sequence identity that 2 1 7 represent the two parents with a dip in between at 96.0% ( Figure S1 ). In order to separate the 2 1 8 two sub-genomes, regions with an average sequence identity to V. dahliae <96% were 2 1 9
assigned to species A1, whereas regions with an identity of ≥96% were assigned to species To trace the chromosome sets of the original parents of the hybrid, the parental origin as V. longisporum apparently evolved a mosaic genome structure in the hybridization 2 2 9
aftermath. Typically, a mosaic structure of a hybrid genome can originate from gene conversion or from Gabaldón 2018). To analyse the extent of gene conversion, genes were predicted for the V. longisporum strains VLB2 and VL20. To aid gene annotation with the BRAKER1 1.9 longisporum strains VLB2 and VL20 respectively, which is ~90% higher than the amount of 2 3 9
genes that were predicted for V. dahliae strain JR2 in this manner (9,909 genes) ( Table 1) . As 2 4 0 expected, the divergence of species A1 and D1 was also reflected at the level of gene 2 4 1 sequences based on sequence identity and GC-content (Figure 1, S1 ). In total, 9,531 and 2 4 2 9,402 genes were assigned to the species A1 sub-genome of the strains VLB2 and VL20, 2 4 3 respectively, whereas the number of genes in the species D1 sub-genomes was 9,468 and 2 4 4 9,243 for these strains, respectively ( Figure 2) . Thus, the amount of genes is similar in the two are present in two copies in VLB2 and VL20, only 5 genes were found to be highly identical 2 4 9
(<1%, nucleotide sequence identity) in VLB2, whereas the corresponding gene pair in VL20 2 5 0 was more diverse (>1%, nucleotide sequence identity) ( Figure 3 ). In V. longisporum strain 2 5 1 VL20, no highly identical copies were found that are more divergent in VLB2. Collectively, In each of the V. longisporum isolates, 17% of the genes occur only in a single copy. Although gene conversion played a minor role in the hybridization aftermath, loss of 2 7 3 heterozygosity may occur through gene loss or, alternatively, single-copy genes may originate 2 7 4 from parent-specific contributions. However, as 12% of the singly copy genes in strain VLB2 2 7 5
are present in two copies in strain VL20, and 16% of the single copy genes in VL20 are 2 7 6 present in two copies in VLB2, gene deletion seems to be an on-going process in V. genome, loss of heterozygosity is mainly caused by deletions. phylogeny was also determined based on mitochondrial DNA (mtDNA) ( Figure 5 ). The The V. longisporum mtDNA was assembled along with the nuclear genome of VLB2 and 2 9 3 VL20, which resulted in a mitochondrial genome of 26.1 kb. Unanticipatedly, the DNA ( Figure 5 ), as it appeared that V. longisporum diverged more recently from the V. displays a mosaic structure after recombination of the DNA of the two individual parents. the V. longisporum genome during the hybridization aftermath is displayed by its mosaic 3 2 6 structure, not only in the nuclear genome, but even in the mitochondrial genome ( Figure 1 ).
2 7
Mosaicism in V. longisporum is not driven by homogenization that played a negligible role in 3 2 8
the hybridization aftermath ( Figure 3) . Rather, V. longisporum mosaic genome structure is caused by extensive genomic rearrangements after hybridization (Figure 4, S2) . Genomic Genomic rearrangements often result from double-strand DNA breaks that are erroneously 3 3 8
repaired based on templates that display high sequence similarity (Seidl & Thomma 2014). As expected, the majority of the synteny breaks between the genomes of V. longisporum strains 3 4 0 VLB2 and VL20 reside in repeat-rich genome regions ( Figure S3 ) as, due to their abundance, hybridization, leading to a modest genome expansion, resulting in a genome size of V.
3 5 2 longisporum that is more than double when compared with V. dahliae, whereas V.
3 5 3 longisporum contains only 90% more genes (Table 1) . Similarly, it has been suggested that Whole-genome duplication events are usually followed by extensive gene loss, often gene-loss being an on-going process that by now has only progressed marginally, but that will 3 6 3 lead to further losses over time. Alternatively, the retention of genes in two copies is of an 3 6 4 evolutionary advantage, as the two copies make an additive contribution or their redundancy Furthermore, the majority of the two parental genomes may also be retained to maintain for cellulosic biofuel production. Biotechnol. Biofuels. 10:78. Seidl MF, Thomma BPHJ. 2014. Sex or no sex: Evolutionary adaptation occurs regardless. BioEssays. 36:335-345.
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